An essential oil sample of davana (Artemisia pallens Wall. ex DC.) and a fraction thereof were investigated for their chemical composition using GC and GC-MS. cis-Davanone (45.8%), bicyclogermacrene (9.6%), linalool (2.5%), caryophyllene oxide (2.2%) and phytol (2.1%) were found to be the main constituents of the davana oil sample. The main constituents of the fraction were analyzed as cis-davanone (72.2%), davana ether 2° (5.2%) and (Z)-ethyl cinnamate (5.2%). Antimicrobial activities of the essential oil, the fraction, some major and reference compounds were evaluated against seven strains of bacteria and one yeast using agar diffusion and agar dilution methods. The davana essential oil showed antimicrobial activities against Staphylococcus aureus, Pseudomonas aeruginosa, Salmonella enterica subsp. enterica and the yeast Candida albicans; the davana fraction was effective against all the tested bacteria and yeast except Pseudomonas aeruginosa and Proteus vulgaris. The oil and the fraction were also olfactorially evaluated.
Because of the high price of davana essential oil, its application is limited almost exclusively to perfumery products, but it is also used to flavor tobacco and a few high quality food products. The composition of the oil has been found to be complex, with the main compound davanone (30-60%). Although, this compound itself has been found to be practically odorless, nevertheless in large amounts it enhances the odor of the oil and might, therefore, be used as a flavor enhancing compound. Additionally, this compound acts as natural fixative [3, 6] . In contrast to davanone, some of the minor constituents of davana oil like davana ether and davana furans are well known to be the odoriferous compounds. Besides its interesting composition of flavor-intense compounds, antibacterial and antifungal properties have also been reported for the essential oil [3] .
The aim of this work was to analyze the chemical composition of the commercially available essential oil and the fraction of the oil with enhanced davanone content gained by distillation, to evaluate their olfactory properties and to test the effects of both samples, as well as some of its main and minor compounds, such as linalool, geranyl acetate, (Z)-methyl cinnamate, (Z)-ethyl cinnamate, caryophyllene, caryophyllene oxide, isophytol and phytol against several Gram-positive and Gramnegative bacteria as well as the yeast Candida albicans. The results of the antimicrobial effects were compared with those obtained for eugenol and three synthetic, commercially available antibiotics by using two well established agar dilution and agar diffusion methods [7] [8] [9] [10] [11] [12] [13] . The obtained biological results were added to our database of previous investigations on various aroma samples.
The chemical compositions of the oil and its fraction, as determined from GC and GC-MS measurements, are shown in Table 1 . The major compounds (minimum 2% of the total analysed compounds, based on peak area, analyzed by GC-FID with an apolar column, mean of 3 measurements) were identified as cis-davanone (45.3%), bicyclogermacrene (9.6%), linalool (2.5%) caryophyllene oxide (2.2%), and phytol (2.1%), as well as three different davana ethers (in total 2.5%) and three different davanone derivatives (2.05% in total). The davana oil fraction was also analysed by GC-FID with the following chemical composition: cis-davanone (72.2%), davana ether 2° (5.2%), (Z)-ethyl cinnamate (5.2%), davana ether 3° (2.1%) and bicyclogermacrene (2.1%).
In contrast to the diversity of ingredients in the davana essential oil, the variety of compounds in the fraction was lower due to the application of distillation. However, in the fraction, the enrichment of the 3 separated davana ethers (in total 9.1% in contrast to total 2.5% in the essential oil) could be achieved, as well as the accumulation of the main compound, cis-davanone, from 45.8% in the essential oil to 72.2% in the fraction.
The davana essential oil from South India was olfactorially evaluated by perfumers and aroma chemists as dry grape-like, somewhat sweet and flowery (alcoholic "plum-pot"-like), in the background herbaceous and a little bitter. The davana oil fraction was evaluated as dry-fruity with special plum-and raisin-notes, which could be especially correlated to the investigation of the mentioned davanone compounds [4, [19] [20] [21] .
Antimicrobial tests were carried out using previously established agar dilution and agar diffusion methods, in accordance to published procedures [7] [8] [9] [10] [11] [12] [13] The davana essential oil from south India showed high activity against the Gram-positive bacterium S. aureus and the Gram-negative bacteria P. aeruginosa and Salmonella enterica subsp. enterica., as well as against the yeast Candida albicans. No effects were observed against the Gram-positive bacterium E. faecalis and the Gram-negative bacteria E. coli, P. vulgaris and K. pneumoniae.
The davana oil fraction showed medium to high effectivity against the Gram-positive bacteria S. aureus and E. faecalis, as well as the Gramnegative bacteria E. coli, K. pneumoniae and Salmonella enterica subsp. enterica, and the yeast Candida albicans. No inhibition could be observed against P. aeruginosa and P. vulgaris.
Some of the tested main compounds from davana oil and its fraction [linalool, both cinnamic (Z)-esters], showed medium to high activity against all tested strains of bacteria [caryophyllene and caryopyllene oxide were effective against all tested strains, except P.aeruginosa (both) and P. vulgaris (only caryophyllene oxide)], whereas phytol and isophytol were only effective against E. faecalis, E. coli, P. aeruginosa, P. vulgaris and Salmonella enterica subsp. enterica.
A comparison of these data shows that the antimicrobial effects of davana essential oil and its fraction against S. aureus can be correlated to the constituents linalool, both cinnamic (Z)-esters, caryophyllene and caryophyllene oxide, but it has to be noticed that some of the compounds that might have been of interest have not been investigated in this respective study, because of the commercial unavailability of pure reference compounds, especially davanones and davana ethers.
The results for the reference compounds could be summarized as eugenol showed good overall activity against all strains, except Klebsiella pneuomoniae, using agar diffusion, and in the agar dilution assay, against all strains except St. aureus, E. coli, Salmonella enterica subsp. enterica and Candida albicans (see Table 2 ). Tetracycline hydrochloride was effective against all Gram-positive and Gramnegative bacteria. Surprisingly, Ciproxin ® showed no antimicrobial activity against Salmonella enterica subsp. enterica and Candida albicans, and Lidaprim ® against K. pneumoniae ( Table 2 ).
In summary, we can report that by GC and GC-MS analysis of davana essential oil from South India, as well as a fraction of the oil obtained by distillation, cis-davanone was found to be the main constituent of both samples. Olfactory evaluations of the oil and distilled fraction showed characteristic pleasant dry-fruity-with especially plum-and raisin-odor notes. This odor impression is due to the enriched davanones and their derivatives, such as the 3 davana ether isomers. Antimicrobial effects of both davana essential oil and its fraction were demonstrated.
Based on these results, the application of davana essential oil and its fractions in pharmacy, perfumery, cosmetics and food flavoring seems to be of increasing interest.
Experimental

Samples:
The essential oil of davana (flowering tops) from south India is a product (no. 801332, charge: 8496) of Kurt Kitzing Co., Wallerstein (Germany) with the following physico-chemical properties: Density (30°C): 0.9750 -9.885; refractive index (30°C): 1.4750 -1.4900; optical rotation:+35.5°-+ 60° acid value: max. 2.0.
In order to increase the davanone content, distillation was applied under the following conditions: Bath: 90-95°C; distillate 65-66°C; pressure: 7·10 -2 mbar.
The reference compounds linalool (98.5%) (800506), geranyl acetate (98.5%) (801583), phytol (> 95%) (800673), caryophyllene (97.5%) (800173) and eugenol (98.3%) (800316) were products of Kurt Kitzing Co.; isophytol (purity 95.3%), (Z)-methyl cinnamate (>98%), (Z)-ethyl cinnamate (>99%), caryophyllene oxide (>95%) and tetracycline hydrochloride (achromycine hydrochloride -25 g, T3383-25G) were purchased from Sigma-Aldrich Co., Milwaukee (USA). Ciproxin ® -500 mg-tablet (1 tablet = 582 mg ciprofloxacine hydrochloride/ water) from Bayer Co. (Vienna, Austria) and Lidaprim ® -infusion-bottle (250 mg containing 0.8 g sulfametrol and 0.16 g trimethoprim) from Nycomed Co. (Vienna, Austria) were used.
Gas chromatographic (GC) analysis: GC/FID
analyses were carried out using a GC-14A with a split/splitless injector, FID and C-R6A-Chromatopac integrator (Shimadzu, Japan), a GC-3700 with FID (Varian, Germany) and C-R1B-Chromatopac integrator (Shimadzu). The carrier gas was hydrogen; injector temperature 250°C; detector temperature 320°C. The temperature programme was: 40°C /5 min to 280°C/ 5 min, with a heating rate of 6°C per min. The columns were 30 m x 0.25 mm bonded DB-5MS fused silica, with a film thickness of 0.50 μm (J & W Scientific Corp., USA) and 30 m x 0.32 mm bonded Stabilwax, with a film thickness of 0.50 μm (Restek, USA). Quantification was achieved using peak area calculations, and compound identification was carried out based on comparison of calculated retention indices with those of reference compounds and n-alkanes, as well as literature data [14] [15] [16] [17] [18] .
Gas chromatographic-Mass spectrometric (GC-MS) analysis:
For GC-MS measurements, a GC-17A with QP5050 (Shimadzu) and HP-Compaq data system (GCMSsolution-software), a GC-17A with QP5000 (Shimadzu) and Compaq-ProLinea data system (class5k-software), a GC-HP5890 with HP5970-MSD (Hewlett-Packard, USA) and ChemStation-Chemical and biological studies on davana (Artemisia pallens) oil Natural Product Communications Vol. 3 (7) 2008 1061 software, a GCQ (Finnigan-Spectronex, Germany-USA) and Gateway-2000-PS75 data system (Siemens-Nixdorf, Germany, GCQ-software) were used. For each system a split/splitless-injector was used. The carrier gas was helium; injector temperature 250°C; interface-heating at 300°C, ion-source-heating at 200°C, EI-mode was 70 eV, and the scan-range was 41-450 amu. For other parameters, see description of GC/FID, above. Mass spectral correlations were based on Wiley, NBS, NIST and our own library, as well as previously published data [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] .
Olfactory evaluations:
The samples and reference compounds were olfactorily evaluated by three professional perfumers and two aroma chemists. One droplet of the essential oil sample, fraction or reference compound was placed on a commercial odor strip. Furthermore, due to unavailability of reference compounds, especially constituents of the enriched davana oil, fractions were evaluated using the GC-split sniffing method. Terms for odor impressions were compared with published data [4, [19] [20] [21] and our private databank of reference aroma compounds.
Antimicrobial tests:
The essential oil of davana, the fraction, and the reference compounds were prepared as 20% solutions in ethanol and dissolved in a 0.9% NaCl solution. As test microorganisms (colonyforming-units per cm 3 13 ), as well as the yeast Candida albicans ATCC 10231 (5x10 10 ) -all products were obtained from the National Bank of Industrial Microorganisms and Cell Cultures, Sofia, Bulgaria.
The antimicrobial activity was studied by two well established and optimized methods as follows: The agar diffusion disc method used 6 mm paper discs and quantities of 6.0 μL of the sample. After cultivation of the bacteria and the yeast at 37°C for 24 h the diameter of the inhibition zone (IZ) was measured. The agar dilution method was used to obtain minimum inhibitory concentrations (MIC), as follows: The essential oil and reference compounds were added to physiological saline solution (0.5% NaCl in distilled water) containing 1.0% (v/v) Tween 80 at the appropriate volumes to produce final concentrations of the samples in the range 1-1000 ppm. Petri dishes were inoculated by pipetting 6.0 μL of the serial diluted samples, the reference compounds (the tablets of Ciproxin ® were added as solution in saline at a quantity of 300 μg; for calculations, the quantity of the active substance was used) and 0.1 cm 3 of the desired culture onto paper discs (6 mm), which were then incubated at 37°C for 24 h [7] [8] [9] [10] [11] [12] [13] .
